Phosphorylation of measles virus nucleoprotein upregulates the transcriptional activity of minigenomic RNA.
We report the first identification of phosphorylation sites of the nucleoprotein (N) of the family Paramyxoviridae. The N protein is known to be the most abundant protein in infected cells; it constructs the N-RNA complex (nucleocapsid) and supports transcription and replication of viral genomic RNA. To determine the role of phosphorylation of the N protein, we expressed the N protein of the HL strain of measles virus (MV) in mammalian cells and purified the nucleocapsid. After separation of the C-terminal region from the core region, phosphorylated amino acids were assayed using MALDI-TOF/TOF and ESI-Q-TOF MS analyses. Two amino acids, S479 and S510, were shown to be phosphorylated by both methods of analysis. Metabolic labeling of the N protein with (32)P demonstrated that these two sites are the major phosphorylated sites within the MV-N protein. In transcriptional analysis using negative-strand minigenomic RNA containing the ORF of the luciferase gene, mutants of each phosphorylation site showed approximately 80% reduction in luciferase activity compared with the wild-type N, suggesting that the phosphorylation of N protein is important in the activation of the transcription of viral mRNA and/or replication of the genome in vivo.